The method of multiple scales is used to derive a nonlinear Schr6dinger equation for the temporal and spatial modulation of the amplitudes and the phases of waves propagating in a hard-walled circular duct. This equation is used to show that monochromatic waves are stable and to determine the amplitude dependance of the cutoff frequencies.
INTRODUCTION
In many physical problems involving sound transmission in ducts, the sound-pressure levels involved are so high that the problem of propagation and attenuation cannot be treated using the usual linear acoustic analyses. At these high sound-pressure levels: the non- 
where C is the equation of the duct wall and n is the normal to the wall.
For a sinusoidally varying wave, we let dp(x, y, z, t) = +(y, z) exp[i(kx -wt)] .
Substituting Eq. 3 into Eqs. 1 and 2, we obtain
ai/Sn= O, at C, 
where u is the velocity of the piston, a• and a2 are the initial amplitudes of the two produced waves, and 8 is the phase difference. Expanding the second trigonometric function in Eq. 7, we rewrite it as u =ao(t) cos[wt + eo(t)] , walls are assumed to be rigid, the appropriate boundary condition is the vanishing of the normal velocity at the duct walls; that is, v=O at r= 1 ,
where v is the radial component of velocity.
Since the flow is assumed to be inviscid and irrotational, the velocity v is derivable from a potential function •b (r, t) according to v=V(p .
Substituting for p and v from Eqs. 12 and 14 into Eq. 11, using the irrotationality of the gas, and integrating the 42 by rJm(Kr) , integrating by parts from r = 0 to r= 1, and using Eq. 43, we obtain the solvability condition in the form
•.i •-y•+• -•T•+o-•:•,• ,
where Eliminating asA/aX• from Eq. 44 by using Eq. 38
To simplify Eq. 46, we differentiate the dispersion relationship 29 with respect to • and obtain In the latter two analysis, the stability of monochromatic waves cannot be investigated.
We note that the perturbation parameter e occurs always as a multiplicative of a0, whose value does not affect the solution provided that one interprets ca0 as the initial amplitude of the wave. Hence, e is just a perturbation parameter. 
